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Visual motion perception is essential for appropriate behavior in a dynamic visual world. It is inﬂuenced
by voluntary attention towards or away from moving objects as well as by the capture of automatic
attention by salient stimuli. Both kinds of attention play a major role in the Eriksen Flanker Task (EFT),
where a central stimulus has to be identiﬁed in the presence of ﬂanking distractors. For static visual stim-
uli incongruent peripheral ﬂankers are known to reduce accuracy rates and prolong reaction times. How-
ever, it is not known if a similar ﬂanker effect also affects speeded responses to moving stimuli. We
therefore examined whether a ﬂanker effect exists for moving random dot patterns (RDPs) and compared
it to the effect elicited by static visual triangles in human subjects. We observed a motion ﬂanker effect,
both for response times and accuracy rates. Incongruently moving peripheral ﬂankers caused a slowing of
response time and a reduction of accuracy rates compared to congruently moving RDPs. These motion
ﬂanker effects were not signiﬁcantly different from those in the static ﬂanker task. The presence of a
motion ﬂanker effect and its similarity to the ﬂanker effect for static stimuli suggests that visual motion
engages competitive attention and control mechanisms for perception and decision-making similar to
those engaged by non-moving features.
 2012 Elsevier Ltd. Open access under CC BY-NC-ND license.1. Introduction
Attention is a central mechanism that modulates the processing
of visual stimuli according to their behavioral relevance. Spatial
attention can be allocated voluntarily by endogenous processes
or attracted automatically by exogenous stimuli (Corbetta &
Shulman, 2002). The interruption of voluntarily directed spatial
attention by peripheral stimuli evoking automatic attention has
been incorporated in the two-process theory of attention (Shiffrin
& Schneider, 1977; Yantis & Jonides, 1990).
Spatial visual attention can be focused like a spotlight (Ahissar
et al., 1998; Brefczynski & De Yoe, 1999), split to cover two loca-
tions (McMains & Somers, 2004; Morawetz et al., 2007; Niebergall
et al., 2011) or spread widely (Eriksen & St. James, 1986). It can also
be directed to non-spatial dimensions like colors, orientations, or
directions of motion (Wright & Ward, 2008). The dominant effect
of visual attention on the neural processing of sensory input is
an enhanced response of neurons in visual cortex to attended stim-
uli and a reduced response to unattended stimuli (Maunsell &
Treue, 2006; Reynolds & Chelazzi, 2004). This push–pull effect al-
lows the visual system to ﬁlter out irrelevant signals by creatingom dot pattern; ITI, inter trial
ciency; RT, reaction time.
ki).
BY-NC-ND license.an integrated saliency map combining the sensory strength of
stimuli with their behavioral relevance (Treue, 2003).
A well-established test for higher cognitive functions in humans
such as attention and action monitoring is the Eriksen Flanker Task
(EFT). It is a two alternative forced-choice reaction-time task
where a central target stimulus is ﬂanked by either congruent or
incongruent ﬂankers (Eriksen & Eriksen, 1974). The EFT requires
focusing spatial attention to the target and allows investigations
of how attention, attracted reﬂexively by the appearance of the
ﬂankers, modulates voluntary attention directed to the target by
enhancing (with congruent ﬂankers) or slowing (with incongruent
ﬂankers) response times and accuracy rates (Fenske & Eastwood,
2003; Lehle & Hübner, 2008; McCarley & Mounts, 2007). These
ﬂanker inﬂuences show that voluntary spatial attention can be
inﬂuenced by the reﬂexive capture of attention triggered by
peripheral stimuli, presumably because the peripheral and task-
irrelevant stimuli are not completely ﬁltered out by a spatial atten-
tion ﬁlter. The difference in reaction times and error rates between
incongruent and congruent ﬂanker conditions has been termed the
‘ﬂanker effect’, ‘ﬂanker interference’ or ‘congruency effect’ (Eriksen
& Eriksen, 1974; McCarly & Mounts, 2007; Thornton & Vuong,
2004).
The ﬂanker task has been used to investigate action monitoring,
conﬂict resolution and decision-making (Pailing et al., 2002; Rueda
et al., 2004). It requires suppression of the distraction caused by
incongruent ﬂankers, thus posing a challenge to executive control
congruent incongruent 
moving
RDPs
static 
triangles 
-100 -50 0 50 100 150
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Fig. 1. Experimental paradigm. Flankers preceded the presentation of the central
target by 100 ms, followed by the joint presentation of target and ﬂankers for
additional 150 ms. Stimuli were static triangles or moving random dot patterns,
conditions were congruent or incongruent and single (without ﬂankers for
reference). Subjects had to indicate whether the central triangle pointed to the
right or left, or whether the central motion was directed towards the right or left. A
new trial was started automatically every 1680 ms.
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of a primed answer as the underlying cause of the ﬂanker effect
(Tipper, 2001) has recently been supplemented by an attention-
dependent conﬂict behavior hypothesis: The more conﬂict, the
more attentional control is necessary, slowing RT even in congru-
ent trials, if a preceding series of incongruent trials raised a
subject’s level of attention (Gratton effect, Davelaar & Stevens,
2009). The attention-dependent control of executive functions
has been shown to be impaired in patients with attention deﬁcit
hyperactivity disorder (Albrecht et al., 2008; Mullane et al., 2009).
All previous EFT studies made use of static stimuli, i.e. letters
(Eriksen & Eriksen, 1974; Rouder & King, 2003), digits, forms, col-
ors (Hazeltine, Poldrack, & Gabrieli, 2000), contrasts (Chen & Tyler,
2001) or words with cognitive or emotional content (Horstmann,
Borgstaedt, & Heumann, 2006), thus, focusing on the ventral pro-
cessing stream in visual cortex (Goodale & Milner, 1992). Very
little is known as to whether visual information processing in the
dorsal stream, specialized for the analysis of visual motion infor-
mation, is modulated in the EFT in a similar way as the modulation
of the processing of static stimuli in the ventral pathway.
Visual motion perception is an ability of central importance for
survival. Moving stimuli are able to automatically attract spatial
attention (Raymond, 2000), and their neural representation is en-
hanced by the voluntary allocation of attention (Treue & Maunsell,
1999). The central question of our study is whether the voluntary
allocation of spatial attention to a moving target is inﬂuenced by
the automatic attraction of spatial attention to moving distractors
in a motion ﬂanker task.
If both, voluntary and automatic attention, interact differently
for visual motion processing than for static stimuli, the EFT should
show differences for these two stimulus types. A lack of differences
in ﬂanker effects would support the hypothesis of a uniﬁed atten-
tion system covering both, the temporal and ventral stream
(Katzner, Busse, & Treue, 2009).
Here, we directly compared EFT performance for static and
moving stimuli in the same subjects. Our data show similar effects
for the two stimulus types suggesting that the EFT engages an
attentional system that does not differ for information processing
across visual cortex.2. Methods
2.1. Stimuli and task
We performed two experiments: In the ﬁrst experiment we
used equilateral static black triangles, pointing either left- or right-
wards, replicating the Eriksen Flanker Task design for static forms
as implemented by Kopp, Rist, and Mattler (1996). In the second
experiment we used random dot patterns (RDPs), made up of small
black dots, moving coherently either left- or rightwards, to create a
comparable task in the motion domain (see Fig. 1).
Each experiment consisted of two blocks of trials. In the ﬁrst
experiment, one block of trials employed single triangles alone,
randomly pointing right or left, with 100 trials for each condition.
In another block of trials, the central target was ﬂanked above and
below by either congruently or incongruently oriented triangles,
forming vertical columns of three stimuli. 200 trials were run with
randomized pointing directions.
In the second experiment, a single RDP was presented in one
block of trials (random succession of left- and rightwards motion,
100 trials each), whereas in another block of 200 trials the central
target RDP was ﬂanked above and below by two other RDPs with a
congruent or incongruent horizontal motion direction (see Fig. 1).
Stimuli were presented on a CRT Monitor from a viewing dis-
tance of 114 cm. The resolution of the monitor was 73.5 px/deg,its refresh rate 60 Hz. The length of the edges of the equilateral
triangles as well as the diameter of the RDPs was 1. The distance
between the target and each ﬂanker was 1.25 from center to cen-
ter. Dot density was 80/deg2, dot size 0.05 and dot speed 3/s. The
target was placed centrally on the screen, which had a light gray
background (64.5 cd/m2).
2.2. Subjects
Twenty-one healthy students, 15 females and 6 males, aged 20–
30 years (mean 23) took part in the experiments. Their vision was
normal or corrected to normal.
2.3. Procedure
Subjects sat in a dimly lit room with a chin-rest to maintain the
viewing distance. Each trial started automatically with the presen-
tation of the centrally located ﬁxation point. The appearance of the
ﬂankers, 230 ms after the ﬁxation point, preceded the target by
100 ms to prime response competition (Kopp, Rist, & Mattler,
1996). The target was added to the ﬂankers for an additional
150 ms, followed by a ﬁxed inter trial interval (ITI) of 1200 ms.
Subjects had to press one of two response buttons with their in-
dex ﬁnger corresponding to the direction of the target. In congru-
ent trials, ﬂanker and target pointed in the same, in incongruent
trials in opposite horizontal directions.
Subjects were instructed to focus their attention onto the central
stimulus and respond as fast as they could, but make as few mis-
takes as possible. Each subject was naïve as to the purpose of the
study. They practiced both tasks, until a hit rate above 70% was
achieved, which usually was the case after about 50–100 trials.
Table 1
RT, accuracy and IE scores. Columns 2–4: Mean response times (RT) on correct trials in ms for congruent and incongruent arrangements, including their ﬂanker effects. Columns
5–7: mean accuracy rates for both conﬁgurations, including their ﬂanker effects. Columns 8–11: mean inverse efﬁciencies (IEs) for all, single, congruent and incongruent
arrangements, as weighted reaction times in ms. All data with standard errors. p-Values indicate the signiﬁcance of differences between the static and the motion tasks. N = 21.
Conﬁguration Congruent Incongruent Flanker
effect
Congruent Incongruent Flanker
effect
Single
target
Congruent Incongruent Flanker
effect
Data Reaction time
(ms)
Reaction time
(ms)
D RT (ms) Accuracy
(%)
Accuracy
(%)
D Acc. (%) IE IE IE D IE
Triangles 441 ± 6 521 ± 8 80 ± 6 0.98 ± 0.01 0.76 ± 0.03 0.22 ± 0.03 510 ± 13 460 ± 5 837 ± 63 376 ± 63
RDPs 467 ± 12 537 ± 12 70 ± 6 0.95 ± 0.01 0.77 ± 0.03 0.18 ± 0.03 529 ± 13 509 ± 12 837 ± 52 329 ± 53
p 0.02 0.1 0.2 0.04 0.8 0.3 0.2 0.0006 1.0 0.4
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Reaction times of correct responses as well as the rate of correct
responses were measured, and mean values across trials and across
subjects with corresponding standard errors of mean (SEM) were
computed for each condition (see Table 1).
As error rates differed between the two experiments, a direct
comparison of reaction times between both tasks is not appropri-
ate. We therefore computed inverse efﬁciency scores (IE) by
dividing reaction times by accuracy rates, separately for each par-
ticipant and for each condition (see Table 1 and Fig. 3), to account
for differences in speed–accuracy trade-off between the static and
motion tasks.
Paired t-tests were used to test for signiﬁcance between the
conﬁgurations and between both tasks (see Table 1 and ﬁgures).0.5
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Fig. 2. Static triangles and moving random dot patterns (RDPs). Mean response
times (RT) of correct trials in ms (A and B), and mean accuracy rates (C and D) in
congruent and incongruent ﬂanker designs and their ﬂanker effects for static
triangles (left side) and moving random dot patterns (RDPs) (right side). Values are
provided with standard errors, N = 21.3. Results
3.1. Comparison of static and motion ﬂanker task
To be able to directly compare ﬂanker effects for moving stimuli
with those for static stimuli we assessed both effects in the same
group of 21 subjects.
Fig. 2 plots the averaged reaction times of correct responses and
performance rates for the two ﬂanker tasks (triangles and RDPs)
and the two conditions (congruent and incongruent). The patterns
of results were highly consistent between the two tasks: For static
triangles reaction times were longer for incongruent (521 ms)
compared to congruent trials (441 ms). The difference between
both, i.e. the ﬂanker effect of 80 ms (see Fig. 2A), is highly signiﬁ-
cant (p < .001). The accuracy rate was lower for incongruent
(76%) than for congruent conﬁgurations (98%), with a highly signif-
icant ﬂanker effect of 22% (p < .001, see Fig. 2C and Table 1).
Mean reaction times (RTs) for moving RDPs were signiﬁcantly
longer for incongruent (537 ms) compared to congruent trials
(467 ms), with a ﬂanker effect of 70 ms (p < .001, Fig. 2B). The dif-
ference in the accuracy rates for incongruent (77%) vs. congruent
trials (95%) amounts to a ﬂanker effect of 18% (p < .001, Fig. 2D).
Comparing the results in the two tasks, we observed highly sig-
niﬁcant ﬂanker effects for both, response times and accuracy rates.
A comparison between response time values for congruent and
incongruent RDP and triangle stimuli show signiﬁcant longer
response time values for congruent RDPs compared to congruent
triangles (p = 0.02), but not between the incongruent conﬁgura-
tions (p = 0.1) (see Table 1). The same patterns were observed for
the accuracy rates: poorer accuracy in the motion task for the con-
gruent conﬁguration (p = 0.04), but not between the incongruent
conﬁgurations (p = 0.8). On the whole, these differences did not
inﬂuence the signiﬁcance for both ﬂanker effects, as well for that
of response times (p = 0.2) and accuracy rates (p = 0.3).
While absolute RTs are not the focus of our study, it should be
noted, that the longer RTs for moving stimuli (ca. 20 ms abovethe average RTs for the static stimuli) might reﬂect the fact, that
motion direction estimation needs at least two monitor refreshes,
i.e. 16 ms longer for motion conditions than in the static case,
where a single frame is theoretically sufﬁcient.
We observed small differences between the single task RTs and
the congruent ﬂanker conditions, i.e. a positive priming effect, con-
sistent with previous reports (Eriksen & Eriksen, 1974; Kopp, Rist,
& Mattler, 1996; Thornton & Vuong, 2004) and shown in Fig. 3 for
reference.
3.2. Inverse efﬁciencies (IEs) of exp. 1 and 2
Given, that our two task conditions (triangles and RDPs) re-
sulted in different hit rates, it is not possible to directly compare
reaction times as they might be the result of different speed–
accuracy trade-offs by the subjects. To overcome this problem
we computed the inverse efﬁciency (IE, Kennett et al., 2001; Klein,
Christie, & Ivanoff, 2004; Townsend & Ashby, 1983) for each sub-
ject by dividing the mean reaction times by the hit rate. High IE
values indicate a less efﬁcient performance, i.e. greater difﬁculties
in solving the task.
The comparison between the triangle and the RDP task shows
similar IE scores (see Fig. 3). The data show much higher IE values
(i.e. lower performance) for the incongruent conditions. Although
in the congruent conﬁguration RDPs are judged less efﬁciently than
triangles, the differences are not signiﬁcant for the incongruent
condition (p = 1.0). Altogether, IE scores conﬁrm the similarity of
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Fig. 3. Inverse efﬁciency scores (IE). IE scores of both experiments, for single
condition as reference, and for congruent and incongruent conﬁgurations as
experimental ﬂanker conditions, shown as weighted reaction times (ms). IE scores
are obtained by dividing the mean reaction times of correct responses by the
proportions correct for each participant for each condition.
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see Table 1).
4. Discussion
We use attention as a powerful mechanism for focusing limited
processing resources onto the most relevant sensory information.
This allows us to ﬁlter out the vast majority of signals that are irrel-
evant in the current behavioral condition. This voluntary ﬁltering
mechanism provides a major boost in efﬁciency, enabling the evo-
lution of sophisticated sensory systems without overwhelming
their limited capacity for processing the incoming information.
Since our environment is highly dynamic and it is not always pos-
sible to predict which upcoming sensory information is relevant
(such as when a pedestrian unexpectedly steps into trafﬁc from
between parked cars), evolution has provide us with a second,
involuntary, ‘automatic’ system that attracts attention to highly
salient, novel stimuli. Attention thus consists of two processes that
compete for the allocation of sensory processing resources (Shiffrin
& Schneider, 1977; Yantis & Jonides, 1990).
The Eriksen Flanker Task (EFT) is well suited to study this inter-
action between the two types of attention and has previously been
used for this purpose for a variety of static stimuli. Here we instead
investigated the suitability of the EFT for moving stimuli. The re-
sults document a ﬂanker effect for these dynamic stimuli. Just, as
has been observed for static stimuli, we found an increase of reac-
tion times in response to incongruently moving ﬂankers compared
to congruent ones. This motion ﬂanker effect has the same magni-
tude as that for static shapes, even though moving stimuli are pro-
cessed in a different cortical pathway. This indicates either
interactions between the dorsal and ventral stream, or reﬂects a
uniﬁed attentional system, affecting both visual form and visual
motion processing. Katzner, Busse, and Treue (2009) report that
the attentional modulation of the activity, evoked by a moving
stimulus, in area MT of extrastriate cortex in rhesus monkeys,
was identical whether the animals directed their attention to the
color or to the motion of the stimulus. Our results are consistent
with such neurophysiological ﬁndings of a uniﬁed attention sys-
tem that modulates responses independent of the attended stimu-
lus dimension.
At the level of the neuronal population, feature-based1 attention
increases the selectivity for attended features by increasing the1 We use the term ‘feature’ to refer to a particular property within a stimulus
dimension, e.g., leftwards motion is a feature within the stimulus dimension o
motion, and red is a feature within the stimulus dimension of color.fresponses of neurons preferring this feature value while decreasing
responses of neurons tuned to the opposite feature value. So, in a
ﬂanker task, feature-based attention would further reduce the inﬂu-
ence of incongruent ﬂankers, beyond the ﬁltering effect of spatial
attention.
Our study investigated the inﬂuence of moving distractors,
compared to visual form processing. Few studies have used moving
stimuli in a ﬂanker interference paradigm. Thornton and Vuong
(2004) reported an inﬂuence of irrelevant moving ﬂankers on the
perception of moving point-light walking ﬁgures, resulting in a
walker congruency effect, in line with our ﬁndings. However, the
data of our comparison of static and dynamic stimuli do not sup-
port a role of a dimension-based attention ﬁlter to explain our sim-
ilar results.
In summary, our results are consistent with the hypothesis of a
uniﬁed, dimension-independent attention system, and provide the
basis for further investigations about automatic attention, cap-
tured by the salience of visual objects against their background
(Itti, Koch, & Niebur, 1998).Conﬂict of interests
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